The combined use of ultrasound and densitometry in the prediction of vertebral fracture 1C CEPOLLARO, 1S GONNELLI, 1C PONDRELLI, 1S MARTINI, 1A MONTAGNANI, 2S ROSSI, 3L GENNARI and 1C GENNARI 1Institute of Internal Medicine, University of Siena, 2Department of Statistics, Siena, and 3Endocrine Unit, Department of Clinical Physiopathology, University of Florence, Italy Abstract. Measurement of ultrasonographic parameters provides information concerning not only bone density but also bone architecture. We investigated the usefulness of ultrasonographic parameters and bone mineral density for evaluating the probability of vertebral fracture. 397 postmenopausal women (59.1±6.0 years) with (n=178) or without (n=219) atraumatic vertebral fractures were studied. In all women, bone mineral density (BMD) of the lumbar spine was evaluated by dual X-ray absorptiometry (DXA) and speed of sound (SOS); broadband ultrasound attenuation (BUA) and Stiffness in the calcaneus were evaluated by an Achilles unit (Lunar Corporation). Ultrasonographic parameters and BMD were compared by examining the magnitude of the odds ratios, to determine which produces the highest estimate of the probability of odds of fracture, and by examining widths of the respective confidence intervals (CI) to show which estimate of odd ratio is the most precise. The relative risk of vertebral fracture, after adjusting for potential confounders, was 3.5 (CI 2.6-4.8) for BUA; 4.5 (CI 3.2-6.2) for SOS; 5.8 (CI 4.0-8.4) for Stiffness and 7.5 (CI 4.8-11.5) for BMD. Ultrasound (US) parameters were still significant independent predictors of vertebral fracture, even after adjusting for BMD. The relative risk of fracture for a simultaneous decrease by 1 SD of BMD and by 1 SD of each ultrasound parameter was 17.3 (CI 9.4-39.6) for BMD and SOS;) for BMD and BUA and 22.1 (CI 8.9-52.7) for BMD and Stiffness. Our data suggest that US and BMD provide complementary information which can be combined to improve estimates of vertebral fracture risk.
Introduction
between normals and patients with mild, moderate and severe vertebral deformities [14] . Ultrasound (US) has been used for the assessSome studies have demonstrated that velocity ment of skeletal status in recent years. Ultrasound measurement at the patella can identify patients variables are speed of sound (SOS) and broadband with fractures with the same effectiveness as conultrasound attenuation (BUA). Many studies have ventional bone mass measurements [8, 15] . shown that SOS and BUA reflect both bone density Measurements of US parameters in the calcaneus and other properties of bone, such as elasticity [1, have also shown a strong association with fracture 2] and microarchitecture [3] . An in vitro study has risk. Many recent studies have shown that US suggested that SOS is also related to trabecular measurements at the calcaneus are able to predict separation and BUA to trabecular separation and hip fracture as well as dual energy X-ray absorpticonnectivity [4] . US parameters are currently measometry (DXA) [16] [17] [18] [19] [20] . BUA at the calcaneus has ured at the patella, the fingers, the tibia and the also been found to predict vertebral fracture as calcaneum [5] [6] [7] [8] . The last site has been chosen well as DXA [21, 22] . because it is a weight-bearing bone and is composed
The purpose of the present study was to evaluate, almost entirely of trabecular bone [9] . Although using a large sample, whether ultrasound paramsome studies have shown poor correlation between eters, measured at the calcaneum, are able to US measurements and bone density at different predict vertebral fracture risk as well as spinal skeletal sites [7, 10, 11] , US parameters can accu-DXA. This study also evaluated whether the comrately distinguish between normal and osteoporotic bination of US and DXA is able to improve the patients [12, 13] . In a previous study we have also prediction of fracture risk. found that US parameters are able to discriminate
Subjects and methods
Osteoporosis Clinic at the University of Siena. All fractured if there was a reduction of at least 3 SD subjects gave their informed consent for the study. in anterior, mid or posterior ratios compared with Exclusion criteria were traumatic fractures and values in normal subjects. current or past treatment with fluoride or bisphosphonates. Patients were excluded if they had evidence of any secondary cause of osteoporosis.
Statistical analysis
Patients with severe scoliosis or who were 20% outside their ideal body weight were also excluded.
Student's t-test for unpaired data was employed to analyse the differences in BMD and US parameters between the groups. Simple regression analyMethods sis was performed to evaluate the relationship Bone mineral density (BMD) of the lumbar between BMD and SOS, BUA and Stiffness, spine (L2-L4) was measured in all patients by respectively. DXA (Hologic QDR 1000, Waltham, MA).
The influence of ultrasound parameters and Fractured vertebrae were excluded from the analy-BMD on the fracture risk, adjusted for potential sis. The long-term in vitro precision of this techconfounders, was estimated with stepwise logistic nique in our institution, measured on a spinal regression analysis (BMDP statistical software phantom, is 0.5%; the in vivo precision measured package). The odds ratios and respective 95% by repeated measurements at intervals of 6 months confidence intervals (CI) were calculated for each to 1 year in 100 normal subjects is 0.9%. standard deviation decrement on each of the four Ultrasound measurements of the calcaneum parameters. The interpretation of odds ratios and were performed in all subjects, using a Lunar confidence intervals involves both the magnitude Achilles ultrasound unit (Lunar, Madison, WI).
of the ratio and the width of the interval. The The Achilles unit measures speed of sound, broadmagnitude of the effect is interpreted by a higher band ultrasound attenuation and a clinical index odds ratio. The precision of the effect is determined termed Stiffness. This is not stiffness in the true by the width of the CI. A wider CI indicates less biomechanical sense, i.e. bone resilience or stress/ precision in the estimate of the odds ratio [24] . strain, but is an attempt to define a clinical index Pairs of bone parameters were also included in the of bone quality. Stiffness, expressed as a percentage logistic regression models, in order to examine the relative to the mean value for young normals, is independent contributions for predicting risk. If calculated from the mean of BUA and SOS both measures remain significant, it suggests that measurements according to the formula: Stiffness= both contribute complementary information about (0.67×BUA+0.28×SOS)−420. As we have prerisk. To assess the performance of the logistic viously reported [23] , the precision of this instrumodels, the areas under receiver operating characment has a coefficient of variation of 0.47%, 2.5% teristic (ROC) curves have been used as an index and 3% for SOS, BUA and Stiffness, respectively, of goodness of fit [25] . Moreover, to compare the in normal subjects; and of 0.3%, 1.2% and 1.5% logistic models with different predictors, we have for SOS, BUA and Stiffness in osteoporotic evaluated the difference among areas under their patients.
respective ROC curves [26] . We have also assessed Lateral and anteroposterior radiographs of the the relative risk of fracture for a simultaneous thoracolumbar spine were obtained in all subjects, decrease of 1 SD for both US parameters and with the patient lying in a fixed lateral position BMD, calculating the predicted probability of fracand a fixed film-to-focus distance of 105 cm. Two ture in logistic models with both US and BMD as separate radiographs were taken on each patient, covariates and vertebral fracture as the outcome. one with the X-ray beam focused first on T7 and
In order to assess further whether the combined the other on L2. An independent, trained assistant use of US and BMD improves the ability to marked six points on each vertebra from T4 to L4, identify the subjects at risk of fracture, we have defining the anterior ( ha), posterior (hp) and also considered a risk score derived from the middle ( hm) vertebral heights. The six points correlogistic regression, using BMD alone (univariate spond to the four corners of the vertebral body analysis) or BMD and Stiffness simultaneously and to the midpoints of the endplates. If bicon-(multivariate analysis) [27] . Women were ranked cavity was present, the midpoints were chosen so in order of magnitude of the score and then divided as best to represent the deformity. The uncinate into five groups of roughly equal size. The number process and osteophytes were also excluded. Using of cases of fracture in each fifth was used to ha, hp and hm, the following ratios were calculated calculate the risk of fracture. The relative risk was to define vertebral fracture: anterior-posterior ratio expressed by the ratio of the rate for women in the (APR)=ha/hp, middle-posterior ratio (MPR)= highest fifth to the rate for women in the lowest hm/hp and posterior-posterior adjacent ratio (HPR)=hp/hpa. A vertebral body was considered fifth.
Results ively (Table 3) . A significant ( p<0.001) but moderate corre- Table 4 shows the risk scores for vertebral fraclation has been found between SOS, BUA, Stiffness ture using univariate and multivariate analysis. and BMD (r=0.55, r=0.45, r=0.57, respectively).
While the top fifth of the score distribution identThe correlations between Stiffness and SOS (r= ifies 36% of fracture, in the univariate analysis, the 0.89, p<0.001) and between Stiffness and BUA addition of Stiffness improves the prediction to (r=0.87, p<0.001) were higher than between SOS 41%. and BUA (r=0.56, p<0.001).
The logistic model showed that BMD, BUA, SOS and Stiffness were all independent predictors Discussion of the fracture risk. Age and years since menopause (YSM) were introduced in the model since they
Our data show that US parameters are associated with an increased risk of vertebral fractures. were significantly different between the two groups. Weight and height were not entered in the Importantly, the increased risk of vertebral fracture found in women with low US parameters persists regression. The unadjusted and adjusted values of odds ratios and 95% CI for ultrasound parameters even after adjustment for bone density. These findings suggest that, in addition to bone density, and BMD are reported in Table 2 Values are expressed as mean±SD. YSM, years since menopause; BUA, broadband ultrasound attenuation; SOS, speed of sound; S, Stiffness; BMD, bone mineral density. a p<0.001 compared with those without vertebral fracture. 
